In this study, the Legendre operational matrix method based on collocation points is introduced to solve high order ordinary differential equations with some nonlinear terms arising in physics and mechanics. This technique transforms the nonlinear differential equation into a matrix equation with unknown Legendre coefficients via mixed conditions. This solution of this matrix equation yields the Legendre coefficients of the solution function. Thus, the approximate solution is obtained in terms of Legendre polynomials. Some test problems together with residual error estimation are given to show the usefulness and applicability of the method and the numerical results are compared.
Introduction
Orthogonal polynomials are extensively considered in many area of mathematics, sciences and engineering. One of these polynomials is the Legendre polynomials which are orthogonal on   1 , 1  with respect to the weight function ( ) 1 wx  . The mentioned polynomials play an important role in many branches such as mathematics, statics and other scientific (Kreyszig, 2013; El-Mikkawy et. al. 2005; Everitt et. al. 2002; Sezer and Gülsu, 2009; Gülsu et. al. 2009 ).
The solutions of nonlinear ordinary differential equations are frequently investigated by many researches (Yüksel et. al. 2011; Akyüz Daşcıoğlu and Çerdik Yaslan, 2011; Gürbüz and Sezer 2016) . These equations are characterized by the presence of the nonlinear terms and have a great importance in explaining many different phenomena. Generally, the nonlinear differential equations have no analytical solution. Therefore, we need to numerical methods to obtain approximate solutions.
In this study, we develop a numerical method based on the matrix relations of Legendre polynomials and their derivatives by means of the matrix methods based on collocation points given by Sezer and co-workers (Sezer and Gülsu, 2009; Gülsu et. al. 2009; Yüksel et. al., 2011; Kürkçü et. al., 2017) and apply to the m-th order ordinary differential equation with first and second order nonlinear terms in the general form (Yüksel et. al., 2011; Akyüz Daşcıoğlu and Çerdik Yaslan, 2011) 
F t y t Q t y t y t g t t
under the mixed conditions
( 1) (0) (1) ; 0,1,..., 1 
where ( ), 0,1,..., n P t n N  denotes the Legendre polynomials given in (Kreyszig, 2013; Everitt et. al. 2002) . 
Material and Method

Matrix Relations associated with Legendre Polynomials and Series
In this section, we constitute the matrix forms of each term in Eq. (1 (3) and (5), we obtain the matrix relation as follows:
Using the Legendre explicit form and taking the matrix relation (6) for 0,1,..., nN  , the matrix relations in the following are obtained (Gülsu et. al., 2009; Yüksel et. al., 2011 ) :
...
Here, the transient matrix D is given in (Sezer and Gülsu, 2010; Gülsu et. al., 2009 ). Now, we define the collocation points for
Substituting collocation points (8) into Eq. (1) and the matrix relations (7) yields
where (6) and (7), we have the system in the following
Thus, the nonlinear part of Eq. (9) 
Substituting the collocation points (8) into the mentioned matrix relations, then the following matrices are obtained:
P t P t P t P t P t P t P t P t P t P t P t P t P t P t P t P t P t P t P t P t P t P t P t P t
Legendre Operational Matrix Method
Substituting the matrix relations (10) and (11) into Eq. (9), we obtain the fundamental matrix equation 
Using the matrix relation (6), the fundamental matrix equation corresponding to the mixed conditions (2) is obtained as 
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To calculate Legendre coefficients ( 0,1,..., ) n a n N  related to the approximate solution (3) of the problem (1)- (2) (3) is obtained from Eqs. (4) and (7).
Accuracy of Solutions and Residual Error Estimation
We consider the residual error estimation to check accuracy of the obtained solutions. Since the truncated Legendre series (1) is an approximate solution of Eq. (1), when the solution ( ) and its derivatives are substituted in Eq. (1), then resulting equation must be satisfied approximately as follows: Rt when N is sufficiently large enough, then the error decreases (Everitt et.al. 2002; Sezer and Gülsu, 2010) .
R t F t y t Q t y t y t g t
The accuracy of the solution can be checked and the error can be estimated via the residual function   N Rt (Balcı and Sezer, 2016; Oğuz and Sezer, 2015 , Kürkçü et. al., 2016 
Conclusions and Recommendations
In this study, we propose a matrix-collocation method based on Legendre polynomials to obtain the approximate solutions of nonlinear ordinary differential equations with quadratic terms. Besides, the error analysis is introduced to indicate the accuracy of the method. The present method and its error analysis are applied on some examples. Comparison of the obtained results with exact solutions displays that the present method is impressive and suitable. Also, the method can be extended on different type of mathematical models together with some modifications.
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